Aims-To determine the changes in serum zinc concentration and the extent of urinary zinc excretion in patients with iron overload receiving the oral iron chelator 1,2-dimethyl-3-hydroxypyrid-4-one (L,) or desferrioxamine (DFX), and to correlate these results with blood glucose concentration. Methods-Serum zinc and ferritin concentrations, urinary zinc and iron excretion were regularly assayed in 39 patients and the glucose tolerance test (GTT) was performed in each patient. Patients were segregated according to their GTT into normal, diabetic, and those with an abnormal GTT. The mean of L,-or DFX associated urinary zinc excretion for each group was determined and compared with the other two groups and with normal value. L, associated urinary zinc excretion was also compared with L, dose, serum ferritin values, and urinary iron excretion. Results-Both DFX and L, were associated with a significantly increased urinary zinc excretion (15.1 (7.3) .umol124
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hours, 11-1 (6.0) umolJ24 hours, respectively) compared with normal subjects. In patients receiving DFX this increase only occurred in patients with diabetes mellitus. Both diabetic and non-diabetic patients receiving L, treatment excreted more zinc than normal. Diabetic patients receiving L, or DFX excreted more zinc than non-diabetics receiving the same treatment. No correlation was found between urinary zinc excretion and L, dose or patients' serum ferritin concentrations. In seven patients receiving long term L, treatment a fall in serum zinc was observed from an initial 13-6 (1-6) umol/l to a final 9-6 (0. Significance was evaluated using Student's t test. Data were expressed as mean (SD).
This study had the approval of the Ethical Committee of the Royal Free Hospital.
Thirty nine patients (24 males, 15 females) were studied. Their ages ranged from 13 to 60(27 1 (11 0)years). Initial serum ferritin ranged between 733 and 9060 pg/l (3551 (2123) jug/l). Thirty one patients had f, thalassaemia major, two sickle cell disease, two congenital sideroblastic anaemia, one myelodysplastic syndrome, one pyruvate kinase deficiency, one haemoglobin E/f)-thalassaemia and one sickle/fl-thalassaemia. Serum zinc was assayed initially and two monthly thereafter. Two to four 24 hour urine collections were obtained from each patient while receiving subcutaneous infusion of DFX at an approximate dose of 50 mg/kg/day, and four or more collections of urine were obtained during L, therapy (50-100 mg/kg/day). These urine samples were analysed for both the total iron and zinc contents. Normal values for serum zinc concentration and 24 hour urinary zinc excretion are 11-5-17-0,umol/I and 4 5-9-0 ,umol/24 hours, respectively, in our laboratory.
Results
Twenty four hour urinary zinc excretion in 39 patients receiving LI treatment was 15-1 ,umol (range, 4-4-34-2 ,umol), significantly higher than that associated with DFX treatment (11.1 (6.0)pmol; range 2-6-26-5; p = 0-01), and both were significantly higher than the normal range for urinary zinc excretion (p < 0.001, p = 0A04, respectively).
There was a significant correlation between LI and DFX associated urinary zinc excretion (r = 0-74; p < 0-001). Different regimens of L, administration (twice or four times a day) showed no significant difference in their effect on urinary zinc excretion in the 19 patients Urinary zinc excretion was significantly higher in patients with diabetes mellitus receiving LI (24-6 (7.9), n = 8) than patients with a normal glucose tolerance test (13.1 (6-2), n = 18; p = 0 0006) or those without diabetes mellitus but with an abnormal glucose tolerance test (16-3 (7. 3), n = 13; p = 0 02). No significant difference was observed between the latter two groups of patients (p = 0 2) (fig 1) . Comparable results were observed with DFX. Patients with diabetes mellitus receiving DFX (n = 7) excreted more zinc than non-diabetics (n = 17) or those with abnormal glucose tolerance test (n = 9) (16 (6-4) v 9-7 (4-6) (p = 0-01), 8-2 (3 7) (p = 0O008), respectively) ( fig 2) . Again no significant difference was found between the latter two groups of patients (p = 0-59).
There were significant differences between the urinary zinc excretion of patients with diabetes mellitus or an abnormal glucose tolerance test receiving L, treatment and corresponding patients receiving DFX (p = 0 04 and 0-03, respectively), but no significant difference was observed between normal glucose tolerance test patients receiving LI and those receiving DFX (p = 0 59). However, when the paired t test was used to compare the excretion of zinc in the individual patients in the latter two groups, the difference was significant (p = 0 003). All three groups of patients receiving LI treatment had significantly increased urinary zinc excretion compared with normal (diabetes mellitus: p = 00009; abnormal glucose tolerance test: p = 0-0036; normal glucose tolerance test: p = 0-01). Among patients receiving DFX only those with diabetes mellitus had significantly increased urinary zinc excretion compared with normal (p = 0-03).
In seven of 35 patients receiving long term L1 treatment serum zinc concentrations fell over a period of six to 12 months from a mean initial value of 13'6 (1 7) pmol/l (11-9-16-7 pmol) to a mean final concentration of 9-6 (1-0) pmol/l (8 3-11-2 pmol) (fig 3) . The urinary zinc excretion in these patients was increased at 202 (9-4) pmol/24 hours (range 4-4-32-3 ,umol/24 hours). This was associated in one patient with symptoms of dry skin and itchy skin patches which rapidly resolved on treatment with zinc sulphate (220 mg/day).
Discussion
In this study we confirm our previous observation that zinc excretion in the urine is increased in patients receiving LI treatment.
This was significantly higher than the zinc excretion found in patients receiving DFX, although this was also significantly increased compared with normal. Neither the L, dose nor iron load of the patients correlated significantly with urinary zinc excretion. The significant correlation observed between LI and DFX associated urinary zinc excretion suggests that individual susceptibility for increased zinc excretion is the same with both chelators.
Patients with transfusion dependent refractory anaemias are at risk of developing diabetes mellitus as a result of iron overload. As patients with diabetes mellitus excrete more zinc in their urine than normal subjects it was essential to assess the urinary zinc excretion of patients receiving iron chelation treatment in relation to their blood glucose values. When patients receiving L1 or DFX were segregated according to their glucose tolerance into normal, diabetes mellitus, and those with abnormal glucose tolerance test, patients with diabetes mellitus excreted significantly more zinc than the others. All three groups of patients receiving L, treatment excreted raised amounts of zinc compared with normal. Although the urinary zinc excretion in diabetics receiving L, is higher than the mean ,umol/24 hours) of previously reported values for urinary zinc excretion in patients with IDDM not receiving chelation treatment (21-4 (9.5)5; 18-3 (4.1)6; 15-4 (5-5)18), the difference was not significant (p = 006). This may have been due to the small number of patients with diabetes mellitus receiving LI treatment studied here. On the other hand, patients receiving DFX with normal or abnormal glucose tolerance tests did not excrete increased amounts of zinc, and in diabetics DFX was not associated with increased urinary zinc excretion compared with diabetics not receiving chelation treatment (p = 064). The increase in urinary zinc excretion in patients receiving DFX compared with normal seems to be mainly, if not entirely, due to the presence of diabetes mellitus in some of them.
The lack of a significant difference between the mean urinary zinc excretion of patients treated with L1 and DFX with a normal glucose tolerance test (13.1 (6-2) v 9 7 (4-6); p = 0 59) may also have been due to the small number of patients studied as the difference was significant (p = 0-003) when the paired t test was used.
A fall in serum zinc to subnormal values was observed in seven of 35 patients with symptoms of zinc deficiency, necessitating zinc supplementation in one. The incidence of subnormal serum zinc values encountered in our study is comparable with that reported in 20 patients with diabetes mellitus (25%). 3 In summary, patients with iron overload receiving DFX do not excrete more zinc than normal unless they have diabetes mellitus when their increased zinc excretion is comparable with diabetics not receiving DFX.
Patients receiving LI treatment excrete more zinc than similar patients receiving DFX or normal subjects. The overall increase in zinc loss accompanying L1 treatment is modest and in most patients is presumably balanced by increased absorption of dietary zinc. In a few patients negative zinc balance leads to zinc deficiency. Fortunately, this is easily corrected with zinc supplementation. 
